ROTARY ELECTRIC MACHINE 



CROSS REFERENCE TO RELATED APPLICATION 
This application is based on Japanese Patent Application 
No. 2002-202073 filed on July 11, 2002, the disclosure of 
which is incorporated herein by reference. 

FIELD OF THE INVENTION 
The present invention relates to a rotary electric 
machine such as a vehicular alternator mounted on passenger 
vehicles or trucks. 

BACKGROUND OF THE INVENTION 

In a vehicular alternator disclosed in JP-B2-2927288 (USP 
5/998,903), a winding of a stator is constructed of a 
plurality of U-shaped conductor segments. The U-shaped 
conductor segments are inserted in slots of a stator core from 
an axial end of the stator core. Ends of the U-shaped 
conductor segments are connected at an opposite axial end of 
the stator core. 

In this kind of stator core, small gaps are required 
between the conductor segments and inside walls defining the 
slots to reduce resistance therebetween at the time of 
installation of the conductor segments. However, if the 
conductor segments are arranged in the slots without any 
limitations, the conductor segments are less likely to make 
contact with the inside walls, or likely to lean against and 



contact only one side of the inside walls. 

In the case that the conductor segments do not make 
contact with the inside walls of the slots, efficiency of heat 
transfer from the conductor segments to the stator core 
decreases, so temperature of the conductor segments increases. 
As a result, it is likely that power output will decrease. On 
the contrary, in the case that the conductor segments lean to 
one side and contact only one of the inside walls, teeth of 
the stator core, on which the conductor segments are not leant, 
easily vibrates. As a result, magnetic noise increases due to 
an increase in magnetic vibrations. 

SUMMARY OF THE INVENTION 

The present invention is made in view of the foregoing 
matter and it is an object of the present invention to provide 
a rotary electric machine capable of improving its power 
output in accordance with temperature decrease and reducing 
magnetic noise. 

According to the present invention, a rotary electric 
machine includes a rotor, a stator core disposed to oppose the 
rotor, and a stator winding wound around the stator core. The 
stator core is formed with a plurality of slots extending in 
an axial direction. Each of the slots is defined with a first 
wall and a second wall opposing each other in a 
circumferential direction. The stator winding includes 
insertion portions held in the slots. Each of the insertion 
portions has a circumferential width smaller than a distance 



between the first wall and the second wall of the slot. The 
insertion portion is disposed to make contact with one of the 
first wall and the second wall. 

Since the width of the insertion portion is smaller than 
5 the distance between the first wall and the second wall of the 

slot, a gap is formed between the insertion portion and one of 
the first wall and the second wall. Therefore, it is easy to 
insert the insertion portion in the slot. Further, since the 
insertion portion makes contact with one of the first wall and 
10 the second wall, heat generated in the stator winding is 

transferred to the stator core. Therefore, - temperature of the 
stator winding decreases. Accordingly, power output of the 
rotary electric machine improves. Also, vibrations of teeth 
reduce. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects, features and advantages of the present 
invention will become more apparent from the following 
detailed description made with reference to the accompanying 
2 0 drawings, in which like parts are designated by like reference 

numbers and in which: 

Fig. 1 is a schematic view of a vehicular alternator, 
partly includes a cross-section, according to the embodiment 
of the present invention; 
25 Fig. 2 is a cross-sectional view of a part of a stator 

core for showing arrangement of conductor segments held in 
slots according to the embodiment of the present invention; 
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Fig. 3 is a perspective view of the conductor segments 
constructing a stator winding according to the embodiment of 
the present invention; 

Fig. 4 is a perspective view of joining portions of the 
5 conductor segments according to the embodiment of the present 

invent ion ; and 

Fig. 5 is a cross-sectional view of a part of the stator 
core for showing arrangement of the conductor segments of a 
modified embodiment of the present invention. 

10 

DETAILED DESCRIPTION OF EMBODIMENT 
The rotary electric machine of the present invention is 
for example applied to a three-phase vehicular alternator that 
is mounted and fixed on an engine and driven by the engine. An 
15 embodiment of the vehicular alternator in which the present 

invention is applied will be described in detail with 
reference to the drawings . 

As shown in Fig. 1^ the vehicular alternator 1 of the 
embodiment includes a stator 2 functioning as an armature, a 
2 0 rotor 3 functioning as a field magnet, a housing 4 having a 

front housing 4a and a rear housing 4b, and a rectifier 5. The 
front housing 4a and the rear housing 4b hold the stator 2 by 
a stud bolt 4c and rotatably support the rotor 3 . The 
rectifier 5 rectifies an AC voltage output from the stator 2 
25 to a DC voltage. 

The rotor 3 rotates with a shaft 6. The rotor 3 includes 
a Lundell-type pole core 7, a field coil 8, slip rings 9, 10, 
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a mixed flow fan 11, and a centrifugal fan 12 as air blowing 
devices. The shaft 6 is connected to a pulley 20 and rotated 
by an onboard engine (not shown) for driving a vehicle. 

The Lundell-type pole core 7 is constructed of a pair of 
5 pole cores. The Lundell-type pole core 7 includes a boss 

portion 71, which is fixed to the shaft 6, disc portions 72, 
which extend from the ends of the boss portion 71 in a radial 
direction, and sixteen claw poles 73. 

The mixed flow fan 11, which is adjacent to the pulley 20, 

10 includes blades that are arranged at acute angles and blades 

that are arranged at right angles to a base plate 111. The 
base plate 11a is fixed to an end surface of the pole core 7 
such as by welding. The mixed flow fan 11 rotates with the 
rotor 3. The centrifugal fan 12, which is further from the 

15 pulley 20 than the mixed flow fan 11, includes blades that are 

arranged at right angles to a base plate 121. The base plate 
12a is fixed to an end surface of the pole core 7 such as by 
welding. 

A housing 4 forms air inlet holes 41 on its axial end 
20 surfaces. Also, the housing 4 forms cooling air outlet holes 

42 on its shoulder portions corresponding to the radially 
outer peripheries of a first coil ends 31a and a second coil 
ends 31b of the stator 2. 

The rectifier 5 is fixed to the end of the vehicular 
25 alternator 1 on a side opposite to the pulley 20. The first 

coil end 31a is arranged to correspond to the rectifier 5. 

The stator 2 includes a stator core 32, a stator winding 
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31, and insulators 34. The stator winding 31 is constructed of 
a plurality of electric conductors held in slots formed on the 
stator core 32. The insulators 34 provide electrical 
insulation between the stator core 32 and the stator winding 
5 31. The stator core 32 is fixed by the stud bolt 4c after 

inserted in the front housing 4a. The rear housing 4b is 
placed on the stator core 32 and fixed by a nut 4d. 

As shown in Fig. 2, the stator core 32 is formed with the 
plurality of slots 35 in which the multi-phase stator winding 

10 31 is held. In the embodiment, seventy-two slots 35, 

corresponding to the number of the poles of the rotor 3, are 
arranged at regular intervals for holding the three-phase 
stator winding 31. 

The stator winding 31 can be grasped as a group of 

15 electric conductors. Even numbered electric conductors are 

held in each of the slots 35. For example, four electric 
conductors are held in each slot 35, as shown in Fig. 2. 

The slot 35 extends in an axial direction of the stator 
core 32a. The electric conductors are arranged parallel in the 

20 axial direction of the stator core 32. As shown in Fig. 2, the 

four electric conductors (insertion portions) are arranged in 
line in order of inner end layer, inner middle layer, outer 
middle layer, and outer end layer from the inner diameter side 
with respect to a radial direction of the stator core 32. 

25 Each of the electric conductors has a circumferential 

width (Wl) that is smaller than a slot width (W2) of the slot 
35, so that there is a gap between the electric conductor and 
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an inside wall defining the slot 35 when the electric 
conductor is inserted in the slot 35. Here, the 

circumferential width (Wl) of the electric conductor 
(insertion portion) is a dimension of the electric conductor 
in the circumferential direction of the stator core 32. The 
slot width (W2) is a distance between a first inside wall and 
a second inside wall defining the slot. The first inside wall 
and the second inside wall oppose in the circumferential 
direction. 

The electric conductors are connected in predetermined 
patterns, thereby constructing the stator winding 31. First 
ends of the electric conductors are connected through 
continuous turn portions on a side of the first coil end 31a 
and second ends of the electric conductors are joined on a 
side of the second coil end 31b. 

One electric conductor in one slot 35 pairs up with 
another electric conductor in another slot 35 that is a 
predetermined pole-pitch away. Specially, an electric 

conductor of a specific layer in the slot 35 pairs up with an 
electric conductor of another layer in another slot 3 5 that is 
a predetermined pole-pitch away, in order to maintain gaps 
between the plurality of electric conductors at the coil ends 
and arrange them orderly. 

For example, an electric conductor 331a of the inner end 
layer in the first slot 35 pairs up with an electric conductor 
331b of the outer end layer in the second slot 35 that is one 
pole-pitch away in the clockwise direction of the stator core 



32- Likewise, an electric conductor 332a of the inner middle 
layer in the first slot 35 pairs up with an electric conductor 
332b of the outer middle layer in the second slot 35 that is 
one pole-pitch away in the clockwise direction of the stator 
5 core 32. 

The paired electric conductors 331a/ 331b/ and the paired 
electric conductors 332a/ 332b are respectively connected 
through turn portions 331c/ 332c at one of the axial ends of 
the stator core 32. Therefore/ the turn portion 332C/ which 

10 connects the electric conductor 3 32b of the outer middle layer 

and the electric conductor 3 3 2a of the inner middle layer, is 
surrounded by the turn portion 331C/ which connects the 
electric conductor 331b of the outer end layer and the 
electric conductor 331a of the inner end layer/ at one of the 

15 axial ends of the stator core 32. 

A middle layer coil end is formed by connections of the 
electric conductors of the outer middle layers and the 
electric conductors of the inner middle layers. An outer layer 
coil end is formed by connections of the electric conductors 

20 of the outer end layers and the electric conductors of the 

inner end layers . 

On the other hand/ the electric conductor 332a of the 
inner middle layer in the first slot 35 also pairs up with an 
electric conductor 331a' of the inner end layer in the second 

25 slot 35 that is one pole-pitch away in the clockwise direction 

of the stator core 32. Likewise/ an electric conductor 331b' 
of the outer end layer in the first slot 35 pairs up with the 
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electric conductor 332b of the outer middle layer in the 
second slot 35. These electric conductors are connected 
together at the opposite axial end of the stator core 32 by 
welding. 

5 Therefore, at the opposite axial end of the stator core 

32, a connecting portion of the electric conductor of the 
outer end layer and the electric conductor of the outer middle 
layer and a connecting portion of the electric conductor of 
the inner end layer and the electric conductor of the inner 

10 middle layer are arranged in the radial direction of the 

stator core 32. 

Adjacent layer coil ends are formed by connections of the 
electric conductors 331b of the outer end layers and the 
electric conductors 332b of the outer middle layers and 

15 connections of the electric conductors 331a of the inner end 

layers and the electric conductors 332a of the inner middle 
layers. In this way, at the opposite axial end of the stator 
core 32, the connecting portions of the paired electric 
conductors are arranged without overlapping. 

20 The electric conductors are provided from U-shaped 

conductor segments that are produced by forming electric wires 
into predetermined shapes. The electric wire has a constant 
thickness and substantially rectangular-shaped cross-sections. 
Thus, each of the electric conductors has a first surface and 

25 a second surface. The first surface and the second surface are 

opposite to each other and face the first and the second 
inside walls of the slot 35, respectively. 
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As shown in Fig. 3, the electric conductor 331a of the 
inner end layer and the electric conductor 331b of the outer 
end layer are included in a large conductor segment 331. The 
electric conductor 332a of the inner middle layer and the 
5 electric conductor 332b of the outer middle layer are included 

in a small segment 332. The large conductor segment 331 and 
the small conductor segment 332 have substantially U-shape. 

The large segment 331 and the small segment 332 are 
included in the base conductor segments 33. The base conductor 

10 segments 33 are arranged regularly in the slots 35 so that a 

coil that turns twice around the stater core 3 2 is constructed. 
However, the conductor segments that include lead-out wires of 
the stator winding and turn portions connecting the first and 
the second laps are constructed of special shape conductor 

15 segments / which are in different shape from the base conductor 

segments 33. 

In this embodiment, nine special shape conductor segments 
are provided. The connection between the first and the second 
laps is made by the connection between the electric conductors 

20 of the end layer and the middle layer. By this connection, 

special shape coil ends are formed. 

In the large conductor segment 331, an inside distance 
between the electric conductor (straight portion) 331b of the 
outer end layer and the electric conductor (straight portion) 

25 331a of the inner end layer of the large conductor segment 331 

in the circumferential direction of the stator core 32 is 
slightly shorter than a central pitch P (Fig. 4) between 



-10- 



central points of the first and second slots 35 in which the 
electric conductor 331b and 331a are held, in the 
circumferential direction. 

The inside distance between the pair of straight portions 
5 331b, 331a is variable by resilient deformation of the turn 

portion 331c. The straight portions 331a, 331b are inserted in 
the first slot and the second slot 35 while expanding the 
inside distance between the straight portions 331b, 331a. As a 
result, the electric conductors 331b, 331a contact the inside 

10 walls of the slots 35 on sides adjacent to the turn portions 

331c and are spaced from the opposite inside walls that are on 
the sides opposite to the turn portions 331c, by spring back 
of the resilient deformation. 

In the small conductor segment 332, an inside distance 

15 between the electric conductor 332b of the outer middle layer 

and the electric conductor 332a of the inner middle layer of 
the small conductor segment 332 in the circumferential 
direction is slightly longer than the central pitch P between 
the central points of the first and the second slots 35 in 

20 which the electric conductors 332b, 332a are held. 

The inside distance between the pair of straight portions 
332b, 332a is variable by resilient deformation of the turn 
portion 332c. The straight portions 332a, 332b are inserted in 
the first and second slots 35 while decreasing the inside 

25 distance between the straight portions 332b, 332a. As a result, 

the straight portions 332b, 332a are held in the respective 
slots 35 such that the straight portions 332b, 332a are in 
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contact with the inside walls of the slots 3 5 that are on the 
sides opposite to the turn portion 331c and spaced from the 
opposite inside walls of the slots 35 that are on the side 
adjacent to the turn portion 332c. 
5 In this way, the large conductor segment 331 and the 

small conductor segment 332 are held such that the straight 
portions 331af 331b of the large conductor segment 331 are 
arranged to be close to each other and the straight portions 
332a ^ 332b of the small conductor segment 332 are arranged to 

10 separate from each other, with respect to the central pitch P. 

Therefore, as shown in Fig. 2, in the slot 35, the 
straight portions of the large conductor segments 331 and the 
small conductor segment 332 are arranged in line in the radial 
direction of the stator core 32. Further, the straight 

15 portions are alternately in contact with the first inside wall 

and the second inside wall of the slot 35. 

Next, a process of manufacturing the stator winding 31 
will be described. First, the base segments 33 are arranged 
such that the turn portion 332c of the small conductor segment 

20 332 is surrounded by the turn portion 331c of the large 

conductor segment 331 and inserted in the stator core 32 from 
one of the axial ends in the above-described manner. 

Thus, the electric conductor 331a, which is one of the 
straight portions of the large segment 331, is inserted in the 

25 inner end layer in the first slot 35 of the stator core 32. 

The electric conductor 332a, which is one of the straight 
portions of the small segment 332, is inserted in the inner 
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middle layer 32 of the first slot 35. The electric conductor 
331b, which is the remaining straight portion of the large 
segment 331, is inserted in the outer end layer of the second 
slot 35. The electric conductor 332b, which is the remaining 
5 straight portion of the small segment 332, is inserted in the 

outer middle layer in the second slot 35. 

As a result, the electric conductors 331a, 332a, 332b', 
331b' are arranged in line in the slot 35 in this order from 
the inner end layer in the radial direction, as shown in Fig. 

10 2. Here, the straight portions 332b', 331b' are paired up with 

the electric conductors in a slot 35 that is one-pole pitch 
away from the first slot. 

After inserted, in the second coil end 31b, joining 
portions 331d, 331e of the electric conductors 331a, 331b of 

15 the end layers are tilted for one and a half slots in the 

direction that the large conductor segment 331 opens. Joining 
portions 332d, 332e of the electric conductors 332a, 332b in 
the middle layers are tilted for one and a half slots in the 
direction that the small conductor segment 332 closes. 

2 0 This step is repeated for all base conductor segments in 

the slots 35. Then, in the second coil end 31b/ the joining 
portion 331e' of the outer end layer and the joining portion 
332e of the outer middle layer are joined by welding, such as 
ultrasonic welding, arc welding and brazing, and by other 

25 method, to have electrical continuity. The joining portion 

332d of the inner middle layer and the joining portion 33 Id' 
of the inner end layer are joined in the similar manner. In 
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this way, the stator 2 shown in Fig. 4 is produced. 

In the vehicular alternator 1 of the embodiment, since 
the circumferential width (Wl) of the electric conductors 
(insertion portions) is smaller than the slot width (W2), the 
5 gap is formed between the electric conductor and one of the 

first inside wall and the second inside wall of the slot 35. 
Therefore, it is easy to insert the conductor segments 33 in 
the slots 35. With this, workability improves. 

Also, since the electric conductor is in contact with one 

10 of the first inside wall and the second inside wall of the 

slot 35, heat of the stator winding 31 is effectively 
transferred to the inside wall of the slot 35. Therefore, 
temperature of the stator winding 31 decreases, resulting in 
an improvement of power output. 

15 The electric conductor of the conductor segment 33 has 

substantially a rectangular-shaped cross-section to correspond 
to the shape of the slot 35. Therefore, contact surface area 
between the inside wall of the slot 35 and the electric 
conductor increases, so the efficiency of heat transfer 

20 improves. Also, the electric conductor is less likely to 

vibrate. As a result, magnetic noise of the stator winding 31 
reduces . 

In the slot 35, a plurality of electric conductors is 
arranged in line in the radial direction. Further, the 
25 electric conductors alternately contact the first inside wall 

and the second inside wall of the slot. Therefore, the 
electric conductors make contacts with the inside walls of the 
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slots equally. With this, heat of the stator winding 31 is 
uniformly transferred to the inside walls of the slots. 
Further, it is possible to equally limit the teeth of the 
stator core 32 from vibrating. 
5 Further, the electric conductors are in contact with the 

inside walls of the slots 35 by the spring back of the turn 
portions 331c, 332c of the conductor segments 33. Therefore, 
it is not required to add specific parts and process to make 
the electric conductors contact the inside walls of the slots 

10 35. Accordingly, the power output improvement in accordance 

with the temperature decrease and the reduction of magnetic 
noise are achieved with the simple structure. 

Further, forming the stator winding with the conductor 
segments easily increases thickness of the stator winding. 

15 With this, it is possible to further decrease the temperature 

in accordance with a decrease in resistance. Also, power 
output further improves and magnetic noise further reduces in 
accordance with an increase in rigidity. 

In the above embodiment, four electric conductors are 

20 held in each slot 35. Instead, eight electric conductors can 

be arranged in line in the radial direction in the slot 35, 
for example. As shown in Fig. 5, the eight electric conductors 
are alternately in contact with the first inside wall and the 
second inside wall of the slot 35. 

25 In the above-described embodiment, the stator winding 31 

is constructed by using the U-shaped conductor segments. The 
present invention can be employed to a stator winding that is 
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constructed by substantially straight conductor segments 
without having turn portions and by a continuous wire. 

The present invention can be employed to various kinds of 
rotary electric machines, such as other kinds of generators or 
motors other than the generators . 

The present invention should not be limited to the 
disclosed embodiments, but may be implemented in other ways 
without departing from the spirit of the invention. 



